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(54) OPTICAL COMMUNICATION NETWORK AND OPTICAL PATH CROSS CONNECTOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an optical 
communication network that enhances routing 
processing capability so as to attain a high capacity while 
suppressing the increase in the entire cost with a 
configuration that a wavelength path sent through a J 
wavelength multiple transmission link is subjected to 
routing processing on the basis of its wavelength and to 
provide an optical path cross connector that conducts the 
routing processing in the optical communication network. 
SOLUTION: In the optical communication network 
provided with a plurality of the optical path cross 
connectors and the wavelength multiple transmission link 
interconnecting them where a wavelength path led to the 
wavelength multiple transmission link is subjected to the 

routing processing by the optical path cross connector on the basis of its wavelength, each 
optical path cross connector is configured such that the wavelength paths of the link are 
divided into wavelength group of N-sets (N is an integer of 2 or over) consisting of G-sets 
each (G is an integer of 2 for over) of the wavelength paths of the wavelength multiple 
transmission link, and applies the routing processing in the unit of the wavelength group 
paths. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It has the wavelength multiplex transmission link which connects the meantime with two or 
more optical pass cross connect equipments. In the optical-communication network to which routing 
processing of the wavelength pass transmitted in said wavelength multiplex transmission link is carried 
out based on the wavelength with said optical pass cross connect equipment Said optical pass cross 
connect equipment is an optical-communication network characterized by being the configuration of 
dividing the wavelength pass of said wavelength multiplex transmission link into the wavelength group 
pass of G(G is two or more integers) every N individual (N is two or more integers), and performing 
routing processing by making the wavelength group pass into a unit. 

[Claim 2] An optical-communication network according to claim 1 is divided into the sub field 1 - z (z is 
two or more integers), several [ of the wavelength group pass by which routing processing is carried out 
for said every sub field ] -- Nl, N2, --, Nz several [ and / of the wavelength pass which constitutes each 
wavelength group pass ] — Gl, G2, --, Gz several [ of the wavelength group pass by which routing 
processing is carried out between each sub field ] ~ NO several [ and / of the wavelength pass which 
constitutes the wavelength group pass ] — GO Optical-communication network characterized by what is 
set up mutually-independent (two or more integers and GO -Gz are two or more integers for NO-Nz). 
[Claim 3] each which constitutes the wavelength group pass of said N (NO -Nz) individual in an optical- 
communication network according to claim 1 or 2 ~ the wavelength of the wavelength pass of G (GO - 
Gz) book — lambda 1 and 1 - lambdal and G ~ lambda 2 and 1 - lambda2, G, — , lambdaN, 1 - lambda — 
N and G ** — time of carrying out, [— lambda 1, 1 -lambdal, and G], [— lambda 2, 1 -lambda2, G], and - 
-, [— lambdaN, 1 - lambdaN, and optical-communication network characterized by arranging G] 
continuously on a wavelength shaft, respectively. 

[Claim 4] each which constitutes the wavelength group pass of said N (NO -Nz) individual in an optical- 
communication network according to claim 1 or 2 — the wavelength of the wavelength pass of G (GO - 
Gz) book — lambda 1 and 1 - lambdal and G - lambda 2 and 1 - lambda2, G, — , lambdaN, 1 - lambda — 
N and G **, when it carries out [lambdal, 1 -lambdal, and G], [lambda2, 1 -lambda2, G] — [lambdaN, 1 
- lambdaN, and G] are on a wavelength shaft, respectively, and are arranged at equal wavelength 
interval, and - [lambda 1, 1 -lambdaN, 1], [lambda 1, 2 -lambdaN, 2], and — , [- lambdal, G - lambdaN 
and optical-communication network characterized by arranging G] continuously on a wavelength shaft, 
respectively. 

[Claim 5] It is the optical-communication network characterized by the thing which constitute the 
wavelength group pass of said N (NO -Nz) individual in an optical-communication network according to 
claim 1 or 2, and which is done for an adjustable setup of the wavelength pass of G (GO -Gz) book 
according to communication link need in the range of 1 - G (1-GO, 1-G1, 1-G2, -, 1-Gz) book, 
respectively. 

[Claim 6] In an optical-communication network according to claim 5, the wavelength of the wavelength 
pass of each 1 which constitutes the wavelength group pass of said N (NO -Nz) individual - G (1-GO, 1- 
Gl, 1-G2, --, 1-Gz) book lambda 1, 1 -lambdal, gl and lambda2, and 1 - lambda2, g2, -, lambdaN, 1 - 
lambda — the time of being referred to as N and gn — (-- gl - integer [ of gnl-G (1-GO, 1-G1, 1-G2, — , 
1-Gz) ]) - [lambda 1, 1 -lambdal, gl] ** [lambda 2, 1 -lambda2, g2] - [-- lambdaN, 1 - lambdaN, and 
gn] Optical-communication network characterized by being continuously arranged on a wavelength 
shaft, respectively. 

[Claim 7] The monitor unit of the lightwave signal transmitted in said wavelength multiplex 
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transmission link in an optical-communication network according to claim 1 or 2 is an optical- 
communication network characterized by being the wavelength group pass which is the unit of said 
routing processing. 

[Claim 8] In the optical pass cross connect equipment which inputs the wavelength pass transmitted in 
two or more wavelength multiplex transmission links, and carries out routing processing based on the 
wavelength and which is outputted to a corresponding wavelength multiplex transmission link Two or 
more splitters which input the wavelength pass of each of said wavelength multiplex transmission link, 
and are divided into the wavelength group pass of G(G is two or more integers) every N individual (N is 
two or more integers), respectively, Optical pass cross connect equipment characterized by having the 
routing processing means which makes said each wavelength group pass a unit, and carries out routing 
processing, and two or more multiplexing machines it multiplexs [ machines ] for every wavelength 
multiplex transmission link which outputs each wavelength group pass by which routing was carried out 
with said routing processing means. 

[Claim 9] The optical pass cross connect equipment which be equip with two or more optical pass cross 
connect processing sections which consist of two or more of said splitters , said routing processing 
means , and two or more of said multiplexing machines , hierarchize them in optical pass cross connect 
equipment according to claim 8 , make the sequential connection of the splitter of one , and the 
multiplexing machine of 1 among hierarchies , and be characterize by to be the configuration of connect 
said wavelength multiplex transmission link to the remaining splitters and multiplexing machines for 
every hierarchy , respectively . 

[Claim 10] The wavelength pass which constitutes the number of wavelength multiplex transmission 
links linked to each of said hierarchy's optical pass cross connect processing section, wavelength group 
numbers of passes, and wavelength group pass in optical pass cross connect equipment according to 
claim 9 is optical pass cross connect equipment characterized by being the configuration set up 
independently, respectively. 

[Claim 1 1 ] It is optical pass cross connect equipment characterized by having the wavelength transducer 
which carries out wavelength conversion of two or more wavelength pass with which said routing 
processing means constitutes said wavelength group pass in optical pass cross connect equipment 
according to claim 8 or 9, and the optical matrix switch which carries out routing of the wavelength 
group pass by which wavelength conversion was carried out. 

[Claim 12] It is optical pass cross connect equipment characterized by being the optical parametric 
wavelength converter which a wavelength converter bundles up two or more wavelength pass which 
constitutes said wavelength group pass in optical pass cross connect equipment according to claim 11, 
and carries out wavelength conversion. 

[Claim 13] It is optical pass cross connect equipment characterized by including the optical filter from 
which the wavelength pass into which said optical parametric wavelength converter was inputted in 
optical pass cross connect equipment according to claim 12, and noise light are removed. 
[Claim 14] In optical pass cross connect equipment according to claim 12 said optical parametric 
wavelength converter Two output ports of the 1st optical multiplexer/demultiplexer of 2 input 2 output, 
and two input port of the 2nd optical multiplexer/demultiplexer of 2 input 2 output for two optical paths 
connected, respectively It has the nonlinear Mach-Zehnder interferometer which inserted the quality of 
an optical dispersion medium, and the secondary optical nonlinear medium, respectively. The 1st optical 
nonlinear medium [ secondary ] is inserted in one optical path between said 1 st optical 
multiplexer/demultiplexer and said 2nd optical multiplexer/demultiplexer at the degree of the 1st quality 
of an optical dispersion medium. The 2nd quality of an optical dispersion medium is inserted in the 
optical path of another side at the degree of the 2nd optical nonlinear medium [ secondary ]. The 
multiplexing light of the excitation light which becomes the origin of the signal light which constitutes 
said wavelength group pass from one input port of said 1 st optical multiplexer/demultiplexer, and 
wavelength conversion light is inputted. Optical pass cross connect equipment characterized by being 
the configuration which outputs signal light and excitation light from one output port of said 2nd optical 
multiplexer/demultiplexer, and outputs the wavelength group pass to the wavelength group pass inputted 
from the output port of another side by which wavelength conversion was carried out. 
[Claim 15] It is optical pass cross connect equipment characterized by being the array waveguide 
diffraction-grating mold multi/demultiplexer (AWG) which has a transmitted wave length property with 
periodic said splitter and said multiplexing machine in optical pass cross connect equipment according to 
claim 8 or 9. 
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[Claim 16] It is optical pass cross-connect equipment characterize by to be the configuration equipped 
with the optical gate switch which penetrates or intercepts alternatively each wavelength pass which 
used the array waveguide diffraction-grating mold multi/demultiplexer ( AWG ) which has a transmitted 
wave length property with periodic said splitter and said multiplexing machine in optical pass cross- 
connect equipment according to claim 8 or 9 with the two step configuration , and was separated 
spectrally between them . 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the optical-communication network with which routing 
processing of the wavelength pass transmitted in a wavelength multiplex transmission link is carried out 
based on the wavelength, and the optical pass cross connect equipment which performs routing 
processing with the optical-communication network. 
[0002] 

[Description of the Prior Art] By increase of data communication traffic, such as the Internet, it is Tbit/s 
in the present condition. In a class and the near future, it is 10 - 100 Tbit/s. Installation of the routing 
processing equipment which has the above throughput is called for. The present routing processing 
equipment changes into an electrical signal the information transmitted through a mass optical-fiber- 
transmission way in an input stage, reads destination information for every frame of transfer 
information, performs path control with reference to the routing table which stores the address 
corresponding to each destination, and is performing forwarding processing based on the path 
information. And after carrying out contention control by buffering actuation, the electrical signal was 
changed into the lightwave signal and it has sent out to the optical-fiber-transmission way of the next 
step. 

[0003] It is essentially difficult for modification of the frame structure of transfer information to be 
difficult, and to offer various services with the conventional routing processing equipment processed 
according to such a procedure, corresponding to a user's needs. 

[0004] Furthermore, in order to attain improvement in the speed of processing speed, improvement in 
the speed of the LSI circuit which performs electric processing, and increase of whenever 
[ juxtaposition ] are searched for. Especially increase of the latest data communication traffic is 
progressing with the vigor which exceeds the progress situation of improvement in the speed of an LSI 
circuit, therefore increase of whenever [ juxtaposition ], i.e., increase of the method way of a switch of 
routing processing equipment, is no longer avoided. However, since increase of whenever 
[juxtaposition ] causes not only the technical problem of hardware, such as mounting, but the decline in 
transfer processing effectiveness, it is in the situation of being hard to acquire effectiveness to the extent 
that it is expected. 

[0005] There is optical pass cross connect (OPXC) which uses the wavelength of the lightwave signal 
transmitted as routing information as a means to solve such a problem. In this optical pass cross connect, 
it dissociates spatially per wavelength channel and an input lightwave signal performs switching 
processing for every wavelength channel. That is, since it processes without changing into an electrical 
signal the lightwave signal transmitted through an optical-fiber-transmission way, it is advantageous to 
reduction and large-capacity-izing of an equipment scale. 
[0006] 

[Problem(s) to be Solved by the Invention] By the way, a number proportional to the number of 
wavelength channels of wavelength sensing elements and the optical matrix switch of the scale 
proportional to the square of the number of wavelength channels are required of optical pass cross 
connect equipment. Moreover, in large-scale-ization of an optical matrix switch, low loss-ization is 
required of raising the homogeneity of a switch manufacture technique, and coincidence. However, in 
the present condition, the unit price of an optical switch is sharply more expensive than an electric 
switch, and scale increase of an optical matrix switch has the problem which spoils cost metric of optical 

http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje 4/1 9/2007 



JP,2002-262319,A [DETAILED DESCRIPTION] 



Page 2 of 10 



pass cross connect equipment. 

[0007] In the configuration to which routing processing of the wavelength pass transmitted in a 
wavelength multiplex transmission link is carried out based on the wavelength, this invention heightens 
routing processing capacity, and it aims at offering the optical -communication network which enables 
large capacity-ization, and the optical pass cross connect equipment which performs routing processing 
with the optical-communication network, suppressing the whole cost increase. 
[0008] 

[Means for Solving the Problem] Invention according to claim 1 is equipped with the wavelength 
multiplex transmission link which connects the meantime with two or more optical pass cross connect 
equipments. In the optical-communication network to which routing processing of the wavelength pass 
transmitted in a wavelength multiplex transmission link is carried out based on the wavelength with 
optical pass cross connect equipment optical pass cross connect equipment It is the configuration of 
dividing the wavelength pass of a wavelength multiplex transmission link into the wavelength group 
pass of G(G is two or more integers) every N individual (N is two or more integers), and performing 
routing processing by making the wavelength group pass into a unit. 

[0009] Invention according to claim 2 divides an optical-communication network according to claim 1 
into the sub field 1 - z (z is two or more integers), several [ of the wavelength group pass by which 
routing processing is carried out for every sub field ] - Nl, N2, — , Nz several [ and / of the wavelength 
pass which constitutes each wavelength group pass ] - Gl, G2, — , Gz several [ of the wavelength group 
pass by which routing processing is carried out between each sub field ] — several [ of the wavelength 
pass which constitutes NO and its wavelength group pass ] ~ GO It is set up mutually-independent (NO - 
Nz is two or more integers, and GO -Gz is two or more integers). Thereby, while being able to design the 
optical-communication network according to the traffic need for every sub field, the use effectiveness of 
the limited optical frequency resource in a wavelength multiplex transmission link and optical pass cross 
connect equipment can be raised. 

[0010] Invention according to claim 3 is set on an optical-communication network according to claim 1 
or 2. each which constitutes the wavelength group pass of N (NO -Nz) individual ~ the wavelength of 
the wavelength pass of G (GO -Gz) book ~ lambda 1 and 1 - lambdal , G, lambda 2, and 1 - lambda2, G, 
--, lambdaN, 1 - lambda - N and G **, when it carries out [lambdal, 1 -lambdal, and G], [lambda2, 1 - 
lambda2, G] - [lambdaN, 1 - lambdaN, and G] are continuously arranged on a wavelength shaft, 
respectively. 

[001 1] Invention according to claim 4 is set on an optical-communication network according to claim 1 
or 2. each which constitutes the wavelength group pass of N (NO -Nz) individual — the wavelength of 
the wavelength pass of G (GO -Gz) book ~ lambda 1 and 1 - lambdal, G, lambda 2, and 1 - lambda2, G, 
--, lambdaN, 1 - lambda — N and G **, when it carries out [lambdal, 1 -lambdal, and G], [lambda2, 1 - 
lambda2, G] — [lambdaN, 1 - lambdaN, and G] are on a wavelength shaft, respectively, and are arranged 
at equal wavelength interval, and ~ [lambda 1, 1 -lambdaN, 1], [lambda 1, 2 -lambdaN, 2], and — , [-- 
lambdal, G - lambdaN and G] are continuously arranged on a wavelength shaft, respectively. 
[0012] each from which invention according to claim 5 constitutes the wavelength group pass of N (NO - 
Nz) individual in an optical-communication network according to claim 1 or 2 — according to 
communication link need, an adjustable setup of the wavelength pass of G (GO -Gz) book is carried out 
in the range of 1 - G (1-G0, 1-G1, 1-G2, -, 1-Gz) book, respectively. Thereby, according to the 
communication link need between each set grounds, communication-band width of face can be 
accommodated flexibly. Consequently, the use effectiveness of a limited optical frequency resource can 
be raised. 

[0013] Invention according to claim 6 the wavelength of the wavelength pass of each 1 which constitutes 
the wavelength group pass of N (NO -Nz) individual - G (1-G0, 1-G1, 1-G2, --, 1-Gz) book in an optical- 
communication network according to claim 5 lambda 1, 1 -lambdal, gl and lambda2, and 1 - lambda2, 
g2, --, lambdaN, and 1-lambda — the time of being referred to as N and gn — (~ gl - integer [ of gnl-G 
(1-G0, 1-G1, 1-G2, 1-Gz) ]) - [lambda 1, 1 -lambdal, gl] ** [lambda 2, 1 -lambda2, g2] - [-- 
lambdaN, 1 - lambdaN, and gn] It is continuously arranged on a wavelength shaft, respectively. 
Processing of carrying out wavelength conversion of two or more wavelength pass which constitutes by 
this the wavelength group pass which is a routing processing unit collectively becomes easy, and the 
configuration of a multi/demultiplexer also becomes easy. 

[0014] The monitor unit of the lightwave signal with which invention according to claim 7 is transmitted 
in a wavelength multiplex transmission link in an optical-communication network according to claim 1 
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or 2 is considered as the wavelength group pass which is the unit of routing processing. A routing 
processing unit and a monitor unit become the same by this, and network failure detection and the 
operation of reconstruction can be simplified. Furthermore, compared with each case where it supervises 
per wavelength pass, scale reduction of supervisory equipment is attained by supervising per routing 
processing. 

[001 5] In the optical pass cross connect equipment which invention according to claim 8 inputs the 
wavelength pass transmitted in two or more wavelength multiplex transmission links, carries out routing 
processing based on the wavelength, and is outputted to a corresponding wavelength multiplex 
transmission link Two or more splitters which input the wavelength pass of each wavelength multiplex 
transmission link, and are divided into the wavelength group pass of G(G is two or more integers) every 
N individual (N is two or more integers), respectively, It has two or more multiplexing machines it 
multiplexs [ machines ] for every wavelength multiplex transmission link which outputs each 
wavelength group pass by which routing was carried out, and consists of a routing processing means 
which makes each wavelength group pass a unit and carries out routing processing, and a routing 
processing means. 

[0016] Invention according to claim 9 is the configuration of having two or more optical pass cross 
connect processing sections which consist of two or more splitters, a routing processing means, and two 
or more multiplexing machines, hierarchizing them, making sequential connection of the splitter of one, 
and the multiplexing machine of 1 among hierarchies, and connecting a wavelength multiplex 
transmission link to the remaining splitters and multiplexing machines for every hierarchy, respectively, 
in optical pass cross connect equipment according to claim 8. 

[0017] The wavelength pass with which invention according to claim 10 constitutes the number of 
wavelength multiplex transmission links connected to each hierarchy's optical pass cross connect 
processing section in optical pass cross connect equipment according to claim 9, wavelength group 
numbers of passes, and wavelength group pass is a configuration set up independently, respectively. 
[0018] Invention according to claim 1 1 is equipped with the wavelength transducer which carries out 
wavelength conversion of two or more wavelength pass with which wavelength group pass is 
constituted, and the optical matrix switch which carries out routing of the wavelength group pass with 
which wavelength conversion was carried out by the routing processing means in optical pass cross 
connect equipment according to claim 8 or 9. 

[0019] Invention according to claim 12 is set to optical pass cross connect equipment according to claim 

1 1 . A wavelength converter is an optical parametric wavelength converter which carries out wavelength 
conversion of two or more wavelength pass which constitutes wavelength group pass collectively. 
[0020] Invention according to claim 13 is set to optical pass cross connect equipment according to claim 

12. An optical parametric wavelength converter contains the optical filter from which the inputted 
wavelength pass and noise light are removed. 

[0021] Invention according to claim 14 is set to optical pass cross connect equipment according to claim 
12. An optical parametric wavelength converter Two output ports of the 1st optical 
multiplexer/demultiplexer of 2 input 2 output, and two input port of the 2nd optical 
multiplexer/demultiplexer of 2 input 2 output for two optical paths connected, respectively It has the 
nonlinear Mach-Zehnder interferometer which inserted the quality of an optical dispersion medium, and 
the secondary optical nonlinear medium, respectively. The 1 st optical nonlinear medium [ secondary ] is 
inserted in one optical path between the 1 st optical multiplexer/demultiplexer and the 2nd optical 
multiplexer/demultiplexer at the degree of the 1st quality of an optical dispersion medium. The 2nd 
quality of an optical dispersion medium is inserted in the optical path of another side at the degree of the 
2nd optical nonlinear medium [ secondary ]. The multiplexing light of the excitation light which 
becomes the origin of the signal light which constitutes wavelength group pass from one input port of 
the 1 st optical multiplexer/demultiplexer, and wavelength conversion light is inputted. It is the 
configuration which outputs signal light and excitation light from one output port of the 2nd optical 
multiplexer/demultiplexer, and outputs the wavelength group pass to the wavelength group pass inputted 
from the output port of another side by which wavelength conversion was carried out. 
[0022] Invention according to claim 1 5 is an array waveguide diffraction-grating mold 
multi/demultiplexer (AWG) which has a transmitted wave length property with periodic splitter and 
multiplexing machine in optical pass cross connect equipment according to claim 8 or 9. 
[0023] Invention according to claim 16 is the configuration equipped with the optical gate switch which 
penetrates or intercepts alternatively each wavelength pass which the array waveguide diffraction- 
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grating mold multi/demultiplexer (AWG) which has a periodic transmitted wave length property was 
used for the splitter and the multiplexing machine with the two-step configuration, and was separated 
spectrally between them in optical pass cross connect equipment according to claim 8 or 9. 
[0024] 

[Embodiment of the Invention] (Basic configuration of optical pass cross connect equipment) Drawing 1 
shows the basic configuration of the optical pass cross connect equipment of this invention. In drawing, 
two or more wavelength multiplex transmission links 20 are connected to optical pass cross connect 
equipment 10. Optical pass cross connect equipment 10 is constituted by the multiplexing machine 13 
which multiplexs the wavelength group pass outputted to each wavelength multiplex-transmission link 
20 with the splitter 1 1 which divides the wavelength pass of each wavelength multiplex transmission 
link 20 into the wavelength group pass of G(G is two or more integers) every N individual (N is two or 
more integers), and the routing processing section 12 which performs routing processing by making the 
wavelength group pass into a unit. 

[0025] The difference between the conventional configuration of optical pass cross connect equipment 
and this invention configuration is shown in drawing 2 . Since routing processing was performed per 
wavelength pass, for example, in order to carry out routing of the wavelength pass of 16, the routing 
processing section of 16x16 was conventionally required of the configuration. Since routing processing 
is performed per wavelength group pass which carried out grouping of two or more wavelength pass 
with this invention configuration, supposing wavelength group pass consists of wavelength pass of four 
on the other hand, in order to carry out routing of the wavelength pass of 1 6, it can respond in the 
routing processing section of 4x4. Since the routing processing section 12 consists of a wavelength 
transducer and an optical matrix switch so that it may mention later, it can reduce a circuit scale sharply 
by considering a routing processing unit as wavelength group pass. 

[0026] Wavelength of the wavelength pass which constitutes each wavelength group pass here 
[lambdal, 1 -lambdal, and G], [lambda2, 1 -lambda2, G] ~ It expresses [lambdaN, 1 - lambdaN, and G]. 
In addition, wavelength lambdai and j i shows the number 1 of the wavelength group which belongs - N, 
and j shows the wavelength number 1 - G. 

[0027] Drawing 3 shows the example of wavelength arrangement of wavelength group pass. Drawing 3 
(1) Wavelength of the wavelength pass which constitutes the wavelength group pass 1 - N from a shown 
example of wavelength arrangement [lambdal, 1 -lambdal, and G], [lambda2, 1 -lambda2, G] ~ 
[lambdaN, 1 - lambdaN, and G] are continuously arranged on a wavelength shaft, respectively. 
[0028] Drawing 3 (2) Wavelength [lambdal of the wavelength pass which constitutes the wavelength 
group pass 1 - N from a shown example of wavelength arrangement, 1 -lambdal , and G], [lambda2, 1 - 
lambda2, G] — [lambdaN, 1 - lambdaN, and G] respectively — a wavelength shaft top — it is — etc. — it 
carries out, and it is and arranges at wavelength spacing — having — and — [lambda 1, 1 -lambdaN, 1], 
[lambda 1, 2 -lambdaN, 2], and — , [— lambdal, G - lambdaN and G] are continuously arranged on a 
wavelength shaft, respectively. The array waveguide diffraction-grating mold optical 
multiplexer/demultiplexer (AWG) which has a periodic multiplexing/demultiplexing property, for 
example as the splitter 1 1 which performs multiplexing/demultiplexing of such wavelength group pass, 
and a multiplexing machine 1 3 can be used. 

[0029] Drawing 3 (3) The shown example of wavelength arrangement is an example by which an 
adjustable setup of the wavelength numbers of passes which constitute each wavelength group pass is 
carried out in the 1-G range, wavelength [lambda 1, 1 -lambdal, gl] of the wavelength pass which 
constitutes the wavelength group pass 1 - N ** [lambda 2, 1 -lambda2, g2] — [-- lambdaN, 1 - lambdaN, 
and gn] It is continuously arranged on a wavelength shaft, respectively. However, gl -gn It is the integer 
of the range of 1 - G. As the splitter 1 1 which performs multiplexing/demultiplexing of such wavelength 
group pass, and a multiplexing machine 13, it can constitute using the optical gate switch which carries 
out ON/OFF actuation with two AWGs. The example of a configuration is shown in drawing 4 . 
[0030] The optical star coupler 1 1 1 to which a splitter 1 1 carries out N branching of the wavelength 
multiple-signal light of the wavelength multiplex transmission link 20 in drawing 4 , AWG 112-1 as a 
splitter which separates spectrally each wavelength multiple-signal light by which N branching was 
carried out - 1 12-N, It is constituted by the optical gate switch group 113-1 which turns on / turns off 
each wavelength pass separated spectrally for every output of each AWG according to an individual - 
1 13-N, and AWG 114-1 as a multiplexing machine which multiplexs the wavelength pass outputted 
from each optical gate switch group - 1 14-N. It responds to the wavelength pass which serves as ON by 
this optical gate switch group, and is drawing 3 (3). An adjustable setup of the wavelength pass which 
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constitutes each wavelength group pass so that it may be shown can be carried out. The multiplexing 
machine 1 3 is realizable with the configuration which made arrangement of drawing 4 reverse. 
[0031] (1st operation gestalt of an optical-communication network) Drawing 5 shows the 1st operation 
gestalt of the optical-communication network of this invention. In drawing, the optical-communication 
network of this operation gestalt consists of wavelength multiplex transmission links 20 of 59 which 
connect them with 36 optical pass cross connect equipments 10, the unit of the wavelength group pass is 
carried out with optical pass cross connect equipment 1 0, and routing processing is performed. 
[0032] The difference between the conventional configuration of an optical -communication network and 
this invention configuration is shown in drawing 6 . Conventionally, with the configuration, since 
routing processing was performed per wavelength pass, two or more wavelength pass transmitted to 
airraid [ same ] (IP router) also needed to be treated according to the individual, respectively. On the 
other hand, with this invention configuration, since routing processing is performed per wavelength 
group pass, grouping of two or more wavelength pass transmitted to airraid [ same ] (IP router) can be 
carried out, and it can carry out routing processing collectively. 

[0033] In this invention configuration, wavelength is arranged [ the wavelength numbers of passes of the 
wavelength multiplex transmission link 20 ] for optical frequency spacing of 65 and each wavelength 
pass by 50GHz (wavelength spacing abbreviation 0.4nm) at a 1 530-1 560nm C band, and signal speeds 
are 10 Gbit/s. It reaches. 2.5 Gbit/s It carries out. Here, if the wavelength group pass which is one 
routing processing unit is constituted from wavelength pass of four, 1 6 wavelength group pass will be 
constituted and remaining one wavelength pass will be used as a supervisory-signal channel which has 
supervisory-control information, such as signal quality information on each wavelength group pass unit, 
optical pass cross connect equipment, and repeating installation. 

[0034] Drawing 7 shows the example of a configuration of the wavelength multiplex transmission link 
20. In order to oppress 4 light-wave mixing between the self-phase modulation of each wavelength pass 
which poses a problem in wavelength multiplex transmission, and each wavelength pass by the 
wavelength multiplex transmission link 20 in drawing The one transmission section is constituted from a 
core expansion fiber 2 1 which oppressed the nonlinearity of a transmission optical fiber, and a 
distributed compensation fiber 22 with which distribution and the distributed slope of the core expansion 
fiber 21 were compensated. It is the configuration of having connected each transmission section 
through the optical fiber amplifier 23 with which loss of an optical fiber is compensated. For example, 
the wavelength multiplex transmission link 20 will consist of the 3 - 4 transmission sections, and optical 
pass cross connect equipment 10 will be arranged for the one transmission section at intervals of 80km, 
then 240 - 360 km. 

[0035] In addition, the optical amplifier using the erbium-doped optical fiber as an optical fiber amplifier 
23 and the Raman optical amplification means using the transmission optical fiber itself as an optical 
amplification medium are used. 

[0036] Drawing 8 shows the example of a configuration of the optical pass cross connect equipment 10 
used for A point of the optical-communication network of drawing 5 . In drawing with the optical pass 
cross connect equipment 1 0 of A point The wavelength pass of 64 and the wavelength pass of one for a 
monitor (a total of 65) are held through four optical fibers 16-1 to 16-4 (16'-l-16"-4) used as the 
wavelength multiplex transmission link 20 from four adjoining optical pass cross connect equipments, 
respectively. The wavelength pass of 64 and the wavelength pass of one for a monitor (a total of 65) are 
held through the optical fiber 16-5 (16'-5) for ADODOROPPU from the transceiver section 17 of self- 
equipment. 

[0037] The splitter 11-1 to 11-5 separated per wavelength group pass is connected to the input port 
where each optical fiber 16-1 to 16-5 is connected. The wavelength pass of 64 for transmission into 
which it separates into every 16 4 wavelength group pass each, and a splitter 11-5 inputs the wavelength 
pass of 64 each which inputs a splitter 11-1 to 11-4 from an optical fiber 16-1 to 16-4 from an optical 
fiber 1 6-5 is divided into every 1 6 4 wavelength group pass. For example, wavelength of the wavelength 
pass of each wavelength group pass separated with a splitter 11-1, [lambdal, 1 -lambdal, and 4], 
[lambda2, 1 -lambda2, 4] - [lambdal 6, 1 -lambdal 6, and 4] It becomes. 

[0038] A total of 80 wavelength group pass divided into 16 pieces with the splitter 11-1 to 11-5, 
respectively is inputted into the routing processing section 12 which consists of a wavelength transducer 
1 4 and an optical matrix switch 1 5 of 80x80, and required wavelength conversion and routing processing 
are performed. It is multiplexed for every 16 wavelength group pass with the multiplexing vessel 13-1 to 
13-5, respectively, and the output of the optical matrix switch 15 is outputted to optical fiber 16'-l-16'-5 
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from an output port. The wavelength pass of 64 (a total of 256 books) is outputted to optical fiber 16'-1- 
16'-4, respectively, and the wavelength pass of 64 for reception is outputted to optical fiber 16'-5. 
[0039] Moreover, the wavelength pass of the supervisory-signal channel separated with a splitter 11-1 to 
1 1-5 is inputted into a controller 18. A controller 18 controls the conversion wavelength of each 
wavelength transducer 14, and actuation of the optical matrix switch 15 according to the control 
information transmitted by this supervisory- signal channel. Moreover, a controller 1 8 generates the 
supervisory-signal channel which carried the new control information of each wavelength group pass, is 
inputted into the multiplexing machine 13-1 to 13-5, and multiplexs. 

[0040] In addition, although the routing processing section 12 shown in this operation gestalt has taken 
the configuration inputted into the optical matrix switch 1 5 after carrying out wavelength conversion of 
each wavelength group pass by the wavelength transducer 14, it is good also as a configuration which 
switches each wavelength group pass with the optical matrix switch 15, and carries out wavelength 
conversion of the wavelength group pass outputted by the wavelength transducer 14, respectively. 
[0041] Drawing 9 shows the example of a configuration of the transceiver section 17. The electric 
phototransducer 31-1 to 31-65 which changes into a lightwave signal the electrical signal with which the 
transceiver section 17 was outputted from each IP router in drawing (E/O), The crossbar switch 32 
which connects each electrical signal to the electric phototransducer of the wavelength corresponding to 
the destination, The multiplexing machine 33 which multiplexs and outputs the lightwave signal of each 
wavelength to an optical fiber 16-5, It is constituted by the splitter 34 which divides into the lightwave 
signal of each wavelength the light wave length multiple signal inputted from optical fiber 16'-5, the 
photoelectricity converter (O/E) 35-1 to 35-65 which changes each lightwave signal into an electrical 
signal, and the crossbar switch 36 which connects each electrical signal to the IP router of a reception 
place. 

[0042] Drawing 10 shows the example of a configuration of the optical matrix switch 15. Drawing 10 
(1) The 1st example of a configuration, and drawing 10 (2) The 2nd example of a configuration is 
shown. Drawing 10 (1) Setting, the optical matrix switch 15 consists of reflecting mirror switches 40 
which operate to the mechanical of 80x80. This reflecting mirror switch 40 is controlled by the 
controller 18 shown in drawing 8 . For example, in order to output the wavelength group pass of Port a 
to Port b, only reflecting mirror switch 40ab used as the intersection of the matrix is made into an ON 
state, and the reflecting mirror switch in its line and train is controlled to an OFF state. 
[0043] Drawing 10 (2) It sets and the optical switch 150-1 to 150-5 of 16x5 and mesh wiring which 
carry out routing per wavelength group pass realize the optical matrix switch 15. Although it is 
multiplexing the wavelength group pass outputted to each optical fiber with the multiplexing vessel 1 3-1 
to 13-5 in using the optical matrix switch 15 of 80x80, with this configuration, it has routing and 
composition it multiplexs [ composition ] in the wavelength group pass outputted to each optical fiber 
within optical switch [ of 16x5 ] 150-1 - 150-5. That is, the optical switch 150-1 to 150-5 of 16x5 is a 
configuration matrix wiring of 16x5 is performed [ configuration ] through the 1x2 optical switch 151, 
and it multiplexs [ configuration ] to each optical fiber correspondence with the multiplexing vessel 152. 
Thereby, the number of input port of the multiplexing machine 13-1 to 13-5 is decreasing to 5 from 16. 
[0044] (Example of a configuration of the wavelength converter 14) Drawing 1 1 shows the 1st example 
of a configuration of the wavelength converter 14. The splitter 41 which divides into four wavelength 
pass the wavelength group pass into which the wavelength converter 1 4 is inputted in drawing, The 
tunable laser light source 42-1 to 42-4 set as conversion wavelength, and the wavelength sensing 
element 43-1 to 43-4 which changes each wavelength pass into an electrical signal, and modulates the 
output light of each tunable laser light source with the electrical signal, It is constituted by the 
multiplexing machine 44 which multiplexs and outputs each wavelength conversion light as wavelength 
group pass. In addition, the module which integrated the single transit photograph carrier diode in which 
a high-speed response is possible, and EA modulator as a wavelength sensing element 43 used here can 
be used. 

[0045] Drawing 12 shows the 2nd example of a configuration of the wavelength converter 14. The 
wavelength converter 14 is constituted in drawing by the wavelength sensing element 45-1 to 45-4 
which carries out direct modulation of the output light of each tunable-laser light source to the splitter 41 
which divides the wavelength group pass inputted into four wavelength pass, and the tunable-laser light 
source 42-1 to 42-4 set as conversion wavelength with each wavelength pass, and the multiplexing 
machine 44 which multiplexs and outputs each wavelength conversion light as wavelength group pass. 
[0046] As a wavelength sensing element 45 used here, it is drawing 12 (2). The semi-conductor optical 
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amplifier 46-1 of the shown Mach-Zehnder-interferometer configuration and 46-2 are used. The control 
light outputted from the tunable laser light source 42 dichotomizes with one optical coupler 47-1, is 
inputted into the semi-conductor optical amplifier 46-1 and 46-2, and is combined and outputted with the 
optical coupler 47-2 of another side. Here, if signal light (wavelength pass) is inputted into one semi- 
conductor optical amplifier 46-1, a refractive index will change and the phase of the passing control light 
will change. Therefore, the phases of each control light combined with the optical coupler 47-2 differ, 
and a phase change turns into a change on the strength, and it appears. That is, the information on signal 
light is put on control light, and serves as wavelength conversion on the wavelength of control light from 
the wavelength of signal light. Since such a wavelength sensing element 45 of a configuration does not 
contain an electrical circuit and an electric element, high-speed operation is possible for it. 
[0047] In addition, this wavelength sensing element 45 is the configuration of having used the cross 
phase modulation of a semi-conductor optical amplifier, and can separate and output signal light and 
wavelength conversion light to a different port. On the other hand, in considering as the configuration 
using the cross gain modulation of a semi-conductor optical amplifier, it uses the optical filter which 
separates signal light and noise light from wavelength conversion light. 

[0048] Drawing 1 3 shows the 3rd example of a configuration of the wavelength converter 14. The 
description of this configuration is in the place which used the optical parametric wavelength converter 
(reference: application for patent No. 304936 [ 2000 to ]) which carries out wavelength conversion of 
each wavelength pass of wavelength group pass collectively, without dividing wavelength group pass 
into each wavelength pass. Thereby, it can put together per wavelength group pass not only about the 
optical matrix switch 1 5 but about the wavelength converter 1 4, and the configuration of optical pass 
cross connect equipment can be simplified. Here, the wavelength group pass set as the object of 
wavelength conversion is called signal light, and the light which becomes the basis of wavelength 
conversion light is called excitation light. 

[0049] The wavelength converter 14 is constituted in drawing by the nonlinear Mach-Zehnder 
interferometer which has the quality of an optical dispersion medium, and the secondary optical 
nonlinear medium for two internal optical paths, respectively. However, in two optical paths, the 
sequence of the quality of an optical dispersion medium and the secondary optical nonlinear medium 
becomes reverse. 

[0050] It is multiplexed with the WDM coupler 5 1 , and the multiplexing light is inputted from one input 
port of an optical multiplexer/demultiplexer 52, and signal light and excitation light branch for two 
optical paths. The multiplexing light which branched for one optical path is first inputted into the quality 
53 of an optical dispersion medium, and then is inputted into the secondary optical nonlinear medium 
54. The multiplexing light which branched for the optical path of another side is first inputted into the 
secondary optical nonlinear medium 55, and then is inputted into the quality 56 of an optical dispersion 
medium. It is multiplexed in the wavelength conversion light generated by the secondary optical 
nonlinear media 54 and 55, and the signal light and excitation light which pass two optical paths with an 
optical multiplexer/demultiplexer 57, signal light and excitation light are outputted to one output port, 
and wavelength conversion light is outputted to the output port of another side. 
[0051] Drawing 14 shows the example of a configuration of the quality 53 and 56 of an optical 
dispersion medium, and the secondary optical nonlinear media 54 and 55. Here, it is LiNb03. On a 
substrate 60, it is the non- false phase matching LiNb03 as quality 53 and 56 of an optical dispersion 
medium. It is the false phase matching LiNb03 as waveguides 61 and 62 and secondary optical 
nonlinear media 54 and 55. Waveguides 63 and 64 are constituted in a monolithic. False phase matching 
LiNb03 Waveguides 63 and 64 are LiNb03. A polarization reversal field is formed in a substrate 60 at 
the predetermined spacing by electrical-potential-difference impression at the time of manufacture, and 
titanium (Ti) is diffused, and they are two LiNbO(s)3. Waveguide is formed. Usual LiNb03 [ on the 
other hand ] Although propagation multipliers differ greatly between excitation light and signal light in 
waveguide, this property is used as quality of an optical dispersion medium, and it is the non-false phase 
matching LiNb03. It uses as waveguides 61 and 62. Thereby, the quality of an optical dispersion 
medium and an optical nonlinear medium can be integrated. 

[0052] (2nd operation gestalt of an optical-communication network) Drawing 15 shows the 2nd 
operation gestalt of the optical-communication network of this invention. In drawing, the optical- 
communication network of this operation gestalt has two hierarchies' network structure divided into the 
backbone 71 and the area network 72-1 to 72-4. A backbone 71 consists of wavelength multiplex 
transmission links 20 which connect them with 16 optical pass cross connect equipments 10, the unit of 

http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje 4/1 9/2007 



JP,2002-262319,A [DETAILED DESCRIPTION] 



Page 8 of 10 



the wavelength group pass is carried out, and routing processing is performed. 
[0053] For example, wavelength is arranged [ the wavelength numbers of passes of the wavelength 
multiplex transmission link 20 ] for optical frequency spacing of 129 and each wavelength pass by 
50GHz (wavelength spacing abbreviation 0.4nm) at a 1 530-1 580nm C band and an L band, and signal 
speeds are 10 Gbit/s. It reaches. 2.5 Gbit/s It carries out. Here, if the wavelength group pass which is one 
routing processing unit is constituted from wavelength pass of four, 32 wavelength group pass will be 
constituted and the wavelength pass of remaining one will be used as a supervisory-signal channel which 
has supervisory-control information, such as signal quality information on each wavelength group pass 
unit, optical pass cross connect equipment, and repeating installation. 

[0054] According to each local situation, as for each area network 72-1 to 72-4, various network 
topologies, such as a ring, a mesh, and a star, are adopted. Here, the wavelength numbers of passes of 
the wavelength multiplex transmission link 20 are set to 32 using what performs routing processing to 
each optical pass cross connect equipment of an area network per wavelength pass of a conventional 
type. In addition, it is also the same as when an area network performs routing processing of a 
wavelength group pass unit. 

[0055] Drawing 1 6 shows the example of a configuration of the optical pass cross connect equipment 10 
used for B point of the optical-communication network of drawing 15 . In drawing, the optical pass cross 
connect equipment 10 of B point which connects a backbone 71 and an area network 72-1 is two 
hierarchies of the backbone corresponding point 73 and the area network corresponding point 74 to 
compensate for 2 hierarchy organization of an optical-communication network. 
[0056] In the backbone corresponding point 73, two optical fibers 16-1 and 16-2 (16'-1, 16'-2) are 
minded from two adjoining optical pass cross connect equipments, and it is 129, respectively. The 
wavelength pass of a book is held, an optical fiber 16-3 (16'-3) is minded from the area network 
corresponding point 74, and it is a maximum of 129. The wavelength pass of a book is held. 
[0057] The splitter 11-1 to 11-3 separated per wavelength group pass is connected to the input port 
where each optical fiber 16-1 to 16-3 is connected. A splitter 11-1 and 1 1-2 are each 128 [ an optical 
fiber 16-1 and / of 16-2 ]. Dividing the wavelength pass of a book into every 32 4 wavelength group pass 
each, a splitter 11-3 is a maximum of 128 of an optical fiber 16-3. The wavelength pass of a book is 
divided into a maximum of every 32 4 wavelength group pass. For example, wavelength of the 
wavelength pass of each wavelength group pass separated with a splitter 11-1, [lambdal, 1 -lambdal, 
and 4], [lambda2, 1 -lambda2, 4] - [lambda32, l-lambda32, and 4] It becomes. 
[0058] A total of 96 wavelength group pass divided into 32 pieces with the splitter 11-1 to 11-3, 
respectively is inputted into routing processing section 12a which consists of wavelength transducer 14a 
and optical matrix switch 15a of 96x96, and required wavelength conversion and routing processing are 
performed. It is multiplexed for every 32 wavelength group pass with the multiplexing vessel 13-1 to 13- 
3, respectively, and the output of optical matrix switch 15a is outputted to optical fiber 16'-l-16'-3 from 
an output port. In optical fiber 16'-1 and 16'-2, it is 128, respectively. The wavelength pass of a book (a 
total of 256 books) is outputted, and it is [ as opposed to / in optical fiber 16'-3 / the area network 
corresponding point 74 ] a maximum of 128. The wavelength pass of a book is outputted. 
[0059] Moreover, the wavelength pass of the supervisory- signal channel separated with a splitter 11-1 to 
11-3 is inputted into controller 18a. Controller 18a controls the conversion wavelength of each 
wavelength transducer 14a, and actuation of optical matrix switch 15a according to the control 
information transmitted by this supervisory- signal channel. Moreover, controller 18a generates the 
supervisory-signal channel which carried the new control information of each wavelength group pass, is 
inputted into the multiplexing machine 13-1 to 13-3, and multiplexs. 

[0060] In the area network corresponding point 74, an optical fiber 16-3 (16'-3) is minded from the 
backbone corresponding point 73, and it is a maximum of 128. The wavelength pass of a book is held. 
The wavelength pass of 32 is held through two optical fibers 16-5 and 16-6 (16'-5, 16'-6), respectively 
from two adjoining optical pass cross connect equipments. The wavelength pass of 32 is held through 
the optical fiber 16-7 (16-7) for ADODOROPPU from the transceiver section 17 of self-equipment. 
[0061] The splitter 1 1-4 to 11-7 separated per wavelength pass is connected to the input port where 
optical fiber 16'-3 and 16-5 to 16-7 are connected. A splitter 1 1-4 is a maximum of 128 of optical fiber 
16'-3. Separating the wavelength pass of a book, a splitter 1 1-5 to 11-7 separates the wavelength pass of 
32 each of an optical fiber 1 6-5 to 1 6-7. 

[0062] It is a maximum of 128 with a splitter 1 1-4. The wavelength pass divided into the book and the 
wavelength pass of a total of 96 divided into 32 with the splitter 1 1-5 to 11-7, respectively are inputted 
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into routing processing section 12b which consists of wavelength transducer 14b and optical matrix 
switch 1 5b, and required wavelength conversion and routing processing are performed. It is multiplexed 
in wavelength pass with the multiplexing vessel 13-4 to 13-7, respectively, and the output of optical 
matrix switch 15b is outputted to an optical fiber 16-3 and 16'-5-16'-7 from an output port. In an optical 
fiber 16-3, it is a maximum of 128. The wavelength pass of a book is outputted, the wavelength pass of 
32 (a total of 64) is outputted to optical fiber 16'-5 and 16'-6, respectively, and the wavelength pass of 32 
is outputted to optical fiber 16'-7 for reception. 

[0063] Moreover, the wavelength pass of the supervisory-signal channel separated with a splitter 1 1-4 to 
1 1 -7 is inputted into controller 1 8b. Controller 1 8b controls the conversion wavelength of each 
wavelength transducer 14b, and actuation of optical matrix switch 15b according to the control 
information transmitted by this supervisory-signal channel. Moreover, controller 1 8b generates the 
supervisory-signal channel which carried the new control information of each wavelength group pass, is 
inputted into the multiplexing machine 13-4 to 13-7, and multiplexs. 

[0064] Each wavelength converter of drawing 1 1 - drawing 13 can be used for the wavelength 
converters 14a and 14b of this configuration. The optical matrix switch shown in drawing 8 can be used 
for the optical matrix switches 15a and 15b of this configuration. The transceiver section shown in 
drawing 9 can be used for the transceiver section 1 7 of this configuration. 

[0065] In addition, although routing processing section 12a shown in this operation gestalt has taken the 
configuration inputted into optical matrix switch 15a after carrying out wavelength conversion of each 
wavelength group pass by wavelength transducer 14a, it is good also as a configuration which switches 
each wavelength group pass by optical matrix switch 15a, and carries out wavelength conversion of the 
wavelength group pass outputted by wavelength transducer 14a, respectively. Moreover, although 
routing processing section 12b shown in this operation gestalt has taken the configuration inputted into 
optical matrix switch 1 5b after carrying out wavelength conversion of each wavelength pass by 
wavelength transducer 1 4b, it is good also as a configuration which switches each wavelength pass by 
optical matrix switch 1 5b, and carries out wavelength conversion of the wavelength pass outputted by 
wavelength transducer 14b, respectively. 

[0066] Thus, the traffic airraid [ same ] sent out of an area network is collected at the same time it 
separates the control function corresponding to each network and secures an independence, when the 
configuration of optical pass cross connect equipment also hierarchizes network configuration two times 
in connection with hierarchizing two times. Especially more, the wavelength group pass use 
effectiveness in a backbone can be raised, and the throughput of the whole optical-communication 
network can be raised. 

[0067] Moreover, when the IP router connected to the transceiver section 17 distributes in somewhere 
else which is not arranged by the same optical pass cross connect equipment 10, for example, is in the 
same building and is arranged in it, it replaces with the transceiver section 1 7 and considers as three 
layered structures using the thing of the same configuration as the backbone corresponding point 73 and 
the area network corresponding point 74. 
[0068] 

[Effect of the Invention] As explained above, the optical-communication network of this invention and 
optical pass cross connect equipment can pull up routing processing capacity sharply by performing 
routing processing by making into a unit the wavelength group pass which carried out grouping of two 
or more wavelength pass. Consequently, the transmission cost per one-wave pass is sharply reducible. 
[0069] Drawing 1 7 shows the number of ports of optical pass cross connect equipment, and the relation 
of wavelength pass need in the optical-communication network of the shape of a grid of 4x9 shown in 
drawing 5 . A configuration is G= 1 conventionally and this invention configurations are G= 4, and 8 
and 16 (wavelength numbers of passes which constitute wavelength group pass). For example, in the 
case of 2000 wavelength pass need, this invention can reduce the number of ports of optical pass cross 
connect equipment in abbreviation one half by the routing processing of a wavelength group pass unit to 
the routing processing of each conventional wavelength pass unit. 

[0070] In addition, although the number of ports of optical pass cross connect equipment should be 
conventionally reduced even to one fourth ideally compared with the configuration when wavelength 
group pass is constituted from wavelength pass of four, when there is not actually sufficient wavelength 
pass need, the utilization factor of wavelength group pass falls, and it is hard to acquire the reduction 
effectiveness to ideal value. 
</SDO> 
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^ffl<*n*ifcgP^x©lfcNo *»J:tf-t©i£ftfflps* 

(N0~Nztt2«±©M. Go ~Gz «2«±©M 

[ MM 3 ] If #31 1 £ fcURM&S 2 fcf Bfg©3tiifl 

itnaN (no ~Nz)ffl©«»^**»«*'a-€-*ve*i 

G (GO ~Gz)*©^U©SS?r A 1,1 ~Al,C . 
A2,1~A2,G. AN,1-AN,C iLfcittC, 
[Al,l~Al,C], [A2.1— A2,G]. [A N.l ~ 

A N.qaW^n-enSftWIihriMhWKWS ti* c £ * 

[ g»3jc3i 4 ] 1*305 i s /ctisnjjoB 2 tciais©^aiff 

H5I3N (NO ~N2)<l©jS»/>-^4««ErS-€-tl'Pn 
G (GO ~Gz)*©iaS^'X©^S?:Al,l ~Al,G . 
A2,1~A2,G. A N,l ~ A N,G £ Ltct^K.. 

[A 1,1 ~ Al.G], [A2,l~A2,G] > — , [AN,1~ 

a N,G]*i-e-n-enj«s«iJb-c , ^n,^swRatcBes3 

*l. [Al.l-AN.l], [Al,2— AN, 2], 

[A i,c ~ a N t GW*ft^ti&igM±-cmmff)icm&2 
C»*3B 5 ] if*^ i $ fc«w^oi 2 ociai£©^iiit 
ButsN (no -*-Nz-)m<D&&m'-<x>e:i*i&-rz*ti*ti 

G (GO ~Gz)*©jgS^'^li. Mfl^S^Cft.DT^n 
?ni~G ( 1 ~G0, 1 ~Gl. 1 ~G2,- , l~Gz) 
*©«iffl-CllSESB£3 n-5 C £ *1$«£-r <5#iHBIH. 

mriaN (no ~Nz)fi©ifis»^x*«fiS-ra*4a-e'4T, 

1 — G ( r ~G0, 1 ~Gl, 1 ~G2.- • , 1 ~Gz ) #© 
; <^.^^(Dm.&^, Al,l~Al,(JL A2.1 ~A 2,q2. 
AN.l ~A N,qn£ UfctglC (gl-?nBl~G 
( 1 -GO, 1 -Gl, 1 ~G2,- , 1 ~Gz ) ©ggfc) , 
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[Al.l — Al.gl] , [A 2,1 ~ A 2,q2] . [AN, 
l~AN,qn] tfi*ti*tli&&Ni±'CmBt[toiCWBM.2tl& 

m&m i ] m*m 1 * tatm 2 icia«s©^3ifi 

mz&&&M&& y > * % ess s n * *ft-^©Ka*a 
b. Btfia^-r--Y >y*&a©#<ir*siRfig^*'T?* 

;«3»i8] aB»©iKfi^fifiay>i'4Gas$tis 

10 i&S^ftA^JU -^©sSStCS^l^rJl/-^^ >^ 

Buiasiss^sen y > *©i&s^-* ^a^i U -en-e 

tiG* (G«2feLh©«S») -Ton® (Ntt2fcLh©SE 
IS) ©&fi^*K53-Bfrr&1S&©#i&£££, lffE*«J 

c»*3B 9 ) Mmm 8 cceno^<cx * n x a * ^ h 

tc-en-enHfria^s^fie^ y > j»*ssttr ^>m^-c*> 
c £ ts^^-^ i» p * 3 * * h mm.. 

30 C W^IB 1 0 ] fS3fcJI 9 tCf B$S©:)te^ ^JOX3^? 

f9sasRf»©3t-'f^ ^ox3^? ht&mmcmm-rz&i 

1 1 1 HIJJBB8 *fc«Sf^9 4cfai£©^N- 

40 nistitc&sm'ix&fr—rj ^vt&yt-? v y 
. [it5jaii2] if^JIi iJcfaig©^^-x^p^3* 

[»sas 1 3 ] it jfcgi 1 2 tciBK©^"?^. p X3 * 
so mtfb*** v y » >jss®jssB, AAsn/^s^ 
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mate iubvv* &&ga&mt. 2x^2 mtxom 

10*^»iSi©2o©fflA!l<-hi. 2A^2tH2>© 

m^m^mm^nx u tattm-? v » -y * > y^^ft* 

fx. 10 

mriem 1 ©*^iftS4«rBs»2 ©#■£#}£&£ ©ra© 

^^©Magtcwm-©^tfc^K©^jc^-i-(D-2^cD 

3fe#«u&asEM*#A o . teftowammtm 2 © 2 #© 

^fl»«ffO%tC« 2 ©3fcfl«MM*«»A 0 . 

ureas* 1 <D^^fi©-^oA^^- h*»6iraaifcg: 

< X £l»Jj£T £ ft-^fo <fc at«E««t)fe©7c i & 5 lb 
ig7fc©^M£ A** b . Mfam 2 <D#&&i&8<D—l3<D 

^^-h^6A^73tl ^ x tc *f T S 3 

h/c«!ss-'<x*tH*-rsflteS'r**ci*«Fai-rs 20 

[ B»3fcJg 1 5 ] iilJfcJI 8 $ fcttHM&g 9 CcSEfli©*' < 

^t^Tiy^mmmrnvr^m^mm (awg) t 
cnwas 1 6 ] m&ms gtctenm?M9 tcietg©^ 

^>ax3*> h$SStc*st,»-c\ 

4Wt57 U »«H8lsIJf«HF-a-^ifi« ( AWG ) * 30 
2 18«WE-Cffll » . * COMIC ft®. 2 fttc&<&&'-<X&miR 

[0 0 0 1 ] 

C ^?9©It £ tmftWf ) &¥ZW B. &ft&fi£3£ y > 

>y*aai$ns5iaift«. *sj:^^©^i{f^-c^-^ 

[0 0 0 2 J 40 
[fi£*©**fl5] J^*-*? hm<D7-*mb5Ky 
f©ifAtCj;0. ^tfc-CBTb-it/s i"5X. ifil>f?3l«C 
Bl0~100 Tbit/s W±©XJl/-7"u- HSrWTSJl/— f- 

^>d/*aigg©#A***^nti^. iitt©^--?- 
its nt # /cts$8* xtsWccn%.m^K.mk u . esttft 

$R©7 u- A c itcIS >aS3fcttffi*R*UJU SfEHBfcK: 
*#JHUr«l8«8P*m>. *©SKt»«*fe<b«:7 * 



[ooo3] c©j;-5 a^ieccfie -5 r gm-r ^,«©ju 

-f > ^«i338K"ett. KMtt$S©7 l A«|i&©^ 

[0 00 4] 3 6tc, JMSKoasaMfc^EI'SlcB. « 

»fl«jttftia*iiff-r s l s 1 m%<Dnmttmm'&(Di% 

A-**#tf>&ftS. #tc. sa©f-^»lh7t •;>*© 
ttfctt. L S I 0B©WiS{t©Jl»BKSl*SBBTS»l» 

->-^a^s©^^^K©itA^Mtr6^<-^-^— 

rt»S. M?UK©*iAB. H^©^-K^x 

r©Wffl©*fc&-$*. SSH^^©<STfe*s<©-c ) 

[0 0 0 5 ] C ©J; 5 &raH*»&T£^!ft& l/t. $k 
iS3tt*5feM©iftfi£.>U--'?-.f >^flWB£ LT^fflTT 
5*^?q^3^(- (OPXC) C©^< 

•cffira w tc &m u . sags ^f^^cttc^-r^g i >^ 

s nr * /c^fi-st £n»fi -^{cseift-r scia< 

£ ©t . »B»fii©gij« i A^fii tic *t l r mm tc o 

[0 0 0 6] 

X =3 * h tc &i . i^S 5=- + * tb^ij L IcWom 
SSEJMR-T- i . i^S^ * * A-«©ryfttcJt08 OfcfcS!© 

^•T-; ?©^dSStft-C«. ^ » ^»fHSEfB©*&— tt 

*w»s©ii3ii^tc. {sa^{t*sg^$n-2> D 

CCiSffir * 0 . *7MJWX^; ?©*JI#|if Att:&^ 

[0007] ^s^sei* y > * ?:eii?n 

S ifiS^- ^ ©?fcg CCS ^ T Jl - -r ^ > ^1 S n 
[0 00 8] 

2><&g:&m&£ ifcM&m&m 

M 5 ft i> : <8.&s ^ tfiit'* x i7 a ^ 3 ^ ^ h ggr -t ©^ 

©«ES/^*G*: (GB26Lh©SBtt) f^NI (NB 

2^_h©ss»> ©iigsfflfv-c^tc^wo, . 



[0 0 0 9 ] &CiBf£©J%f^j, ff§#jg i tciguj 

cD^iift m*-?-7mm 1 - z < z w 2 tLk©BE»> 
sou s-tf^^critc. ;i-f ^>^isn^fi 
fP^©aNi,N2,-, Nz feiD'-e-ti-etioftM/'C 

X£t«/&T£j&§^X©£ScGl.G2,--- , Gz i, s-y-:/ 

mmm-cjv-7- a >^*a& an no* 

tcaiiccKjesna (no-nz tt2ELh©s«k go 
~gz«2«±ois!)„ cti«c«t»3. s-y^jacri 10 

[0010] IS^3{CfSiS©^«. g»5tS^l SEfctt 
tt3#S2{ctett<TOt»<aMcctei,»t:. N (No— Nz)fl 
©jft^^SHWSTSftl^nG (GO. — Gz):£©2£ 

Al.l — Al.G . A2,l- A2,C, 
AN,l-AN,G il/cittc, [Al,l~Al,C], [A 
2,1— A 2, C], -. [A N,l — A N,G]#-?-ft-e ; ftj&g$[& 20 

[0 0 1 1 ] WJfcB4tClBtt©»gitt, 8*4881 $/ctt 
lf35S2«:iaK©3t3iMSM!«:*ji>T:. N (No~Nz)I 
©iSSSf^'^^tS^-r^^-n^tlG (GO — Gz):£©& 
©'•^©i&fi^: Al.l — A 1,C . A2.1- A2,G. — . 
AN,1~AN,C iL/citfC, [Al.l— Al.G]. [A 
2,1— A2,C] V [AN.l - A N,G]#S-eft^fti&g$|& 

±T*JLl»«fi|fflK!K:|SB3ft. *^ [A l,l -AN, 
1], [Al,2 — AN, 2], [Al,C-AN,C]A^n-? 

[0012] ff^iR5 fcSMK©*9!tt. Blt&£ 1 Sfcte 

tt5t<^2fciesx©^3i{t$(g(cfct,^r > n (no— NzMi 
©Mg^x^fl^-rs-eft-eftG (go ~Gz)*©i« 
g^xts* iWtitSiciSD-c-en-etx 1— g ( 1 —go, 

l-Gl, 1-G2,-, 1 -Gz ) *(DWm-Cnm.WCm.Z 

[0013] n^cnetcBeixoAipia. w^stcietg 

CD5taMHHK:*j«.>r. N (NO — Nz){B©ifcBS¥;<X£ 40 

1 — G ( 1 -Go, 1 — Gi, 1 — G2, 
-, l~Gz > *OifiS^^©iffifi*. Al.l-Al.q 
1. A2,l— A2,q2. A N,l— A N,qn4 U/c4 

(gl-snttl — G ( 1 —GO, 1 — Gl, 1 — G2, - , 
l~Gz ) ©SSS> . [Al.l -Al.ql] , [A 2,1- 
A2,q2] , [AN,1 -AN.qn] *i-€-ft^ft-^S«l± 

-CiSil&tfjicSBKSft*. Cfticj;^. }\,~T4^WE3&. 
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[0014] fft*JS7 tcfBtE©^H^i±. nHogi s/c« 
SlteJH!2 ccie«E©«ffiffitctec»T, ifc&^»£j£y > 

©^ffi-cASiSfis-'^^ira. cfttcj:o. ju--r -< 

4 Wf#J&© * U - 3 > £ ©SSY fT £ C 4 

-c^*. £6tc, ^u-t-^ ^^wffitciga-r-sci 

M©»etB(I«3&*pJ«B 4 ft S. 

[0015] »3jsH8 scga«8©*?a«, msLoym&&n. 
a-^-ou-fw^AHiu a*j£-r&iKfi3*»saty 

V >^0«S^X5:A*l/, ^-ft-^ftG* 
(GW2«±©BE») ToNfl (N«2fel±©8«) © 

4. >y«yi#a-c-rt/— >y$ti/csss 
»©^jftS4*«*r«tesstis. 

[0016] iS3}9®9 *CE«©»W». 19*118 (cgB*g 

;u - f- a > & . m%t<D<&m&-cffif& stizit'-i 

•C— ©#ifcg4— ©^jfcg&H&MBfitU sp§jacr4oc 

»o ©»«s*» Jcof^scc-eft-eftasfi^fieiis y > 

[0017] If*^ 1 0 tCiBtt©lfeW«. Ht$JS9 icia 
i&©:&AX*a;*n** hSIgKifcOT. SHI®*;-! 

xi?PX3*^h Msspic«M-r siss^fifSzi y > ^ 
•e-ft-efts&atcassesftsflteR-c**. 

[0018] IS*^ 1 1 tCi3i£©#6BJ«. It^8 
«ft*3B 9 ^CfB$£©7fe^-X D X a* ? h mmcte(,> 

»©jfts/^*iSEfi^*rsjis^aftS4. ^s^fts 
^4*«*a. 

[0019] 1 2 CcgBtt©«WB. »*3H 1 1 «c 

s«. iSfi»^^*«fifrrsa«[©ifi«^-c^*— sur 

[0 0 2 0 ] 1 3 &CfEii£©2£BJ3te t |f ^ i 2 K 

I3S£©7^^'X^DX=i^i' h^^Klfct,^. zft'^M 
Y y A^Sft/ci^S^Xfe.fcO^IW 

[0 0 2 1 ] 1 4 iClB«E©^Bj«. ff >}?JM 1 2 &C 

IBtgo^-'^i'axn^i' h^gtcfci^r. ^^--5^ 
h y fjfis^si* . 2A^2ffl*(D»i (oyt-gfrm 

S©2o©tH^^- h4. 2A*2l«AO»2CD*^ 
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m&<D 2 -o<DA*>*- b £ *i-e*iSSttT S 2 -?©}£ 

&»tc . ■€■ n-en^taasMB J; ot 2 &©^hrj&8EW 

*#»jftSt* 2 ©*£&&« £ ©IB©-2f ©ifcgKK: 
liSS 1 ©3fe»tfc«l»©^tc» 1 ©2&©3fc#Mi^«»* 

» a l . ffcs©3feMss&ajfii 2 © 2 &©3£&wgf*K© 

•<Xlcm 2 ©:ifc#t8»K*ffl A L . * 1 ©3fc^#«6S©- 

SfcBfEgyte©7G £ tt S J8fiS5l£©^ift)fe* A* L/, ®2© 
*^»iftS©— ^©W*#- h*»6ra-s*ife**«fcCfl&j|a3fc 10 

[0 02 2] IfJfcS 1 5 tCie$g©£gBJ!«. »5tOH8 SEfc 
9 WE*©*'"** * a X a* * h KStcis(,> 

r^ru-rafiKHHgwfthfa^jias (awg) 

[0 0 2 3 ] gfts&g l 6 (ClBttOIHBU. SJ»3»B8 *fc 

writhe® 9 &ciem©^x * p * a * * hs&HK*** 20 

■TSr U-f3»«HI|5Il»TtS^a^jftS (AWG) *2S 

flteS-Cffl c » . * ©IB K »iS 3 n fc«fifi / < ^ * 

s. 

[0 0 24] 

*t*fi!E> #Jf&B;§©^x^ a hSIig© 

a i o cc «i@is©iffis^fi{s^ v > * 2 o tfgflt 3h 30 

S. ^U^DXn^^l-gglOtt, Sffifi^lgiS 
U>*2 0©M^-^*G* <Gfct2J£J±©SE») To 

Nd <Ntt2«jb©sa») ©issw^-^cc^aws^is 

«1 14. ■e©i&B8Mx£#{4£ 

*ffl£?T 5 fo- f- 4 > ^AJMiai 1 2 £ . SiggMfi^ 'J 

>^ 2 o «cm^-rsiiss»^f^*^ft-rs^iiS!8 1 3 cc 

[0 0 2 5 ] &rc:**ci*=i*# f-S5a©fl£*««i£43t: 

«w«tes©jt(r»*ia2 cc^r. «e*«fisrttfflis-''cxm 
Gl-ck-t-j ^MSfciToT^/cfctfrtc, mtiie* 40 
©i&fi^'x^r-ib-T- * >^-r-5>/ce*tci6xi5©;u-f--< 

©M; < ^ =& ^ - -?\ t u fcssgv -i^mtiL-vji -7--< 

> <& tf 5 ©T . 4 #©?&g; ■! X T-j&gPp < X risffj 

^R^n-S>£-r-S£. 163tr©iSS/SX^:JU-T- -< >^*-T-2> 
fc&ic 4x4 ©ju- -f -f > ^MBB-CStJSr -5 c £ ifi-c 

;i/-r-f>y^»i2tt. aa-rs«fc5«cj«fi 
aasi*vh 'jf^^-f ^-ctg^n-s©-??. ju- 

mmttmici&m-tzct&vitz. so 



[0026] ccr. ^ja¥'<x*«jjS-r*jfcR'<* 

©i£fi£: [Al,l~Al,G], [A2,l-A2,q, 

[an.i ~AN,c]£ar. ^sAi.i ©i«R-r 
■r. 

[0 0 2 7 ] IE1 3 tt, *&g£Mx©i£SE@#iJS:^-r. 
HI 3 (1) «CS%-riftSi3{ttW"Ct4. &SSM<* 1 ~N£*St 
m*2>Wi&'*X<Dm& [Al,i-Ai,C], [A2.1-A 

2,g], -. [an,i ~an,g]«:, -e-n-en&swLk-eis 

[ 0 0 2 8 ] m 3 (2) K^T&fiffiSflJ-CW:. iftSgp^'C 

-X-l— ' ft* «fiW-*?K-S-? <-x-©Mfi-rAT.Tr--^-A-iTC] 
[A2,i~A2,c]. -, [A n,i —a N,G]te\ -en-en 
«fi*iLii-c«L.t»iftfiifflPi8cciea3n. [Ai,i~ 

AN,1], [A 1,2 ~~ A N,2], — , [Al,C ~AN,C]*S-?- 

ti-eti«[fi*ai±-caiiKa«j»ciBiE3ti*. c©<t-5^s 

§¥^X©i^9-i&£?T 5»SSS 1 1 fccta'^il 1 3 £ L 

laflfra-T-SWfe^iftS (AWG) %m>5C4AST* 
-5. 

[ o o 2 9 ] m 3 C3) tc^-riissEaw«. 

**fiteSTSa*g/<*»as 1 ~G*©g5ffl-C"5J^^S3 

j^S[Al,l ~Al,ql] . [A2.l~A2.p2], -. 
[AN.I ~AN,gn] ». ■C-*l-€ r tl«S«±'CjlittWK:E 
@3tl-5. fc/cL, el ~grn « 1 — G©©H©^^T' 

*^>„ c©<fc5«ciftfif&'-«*©^jft&ff5$3>iffi»i i 

*3=tO'^-i^g§l 3 £ L/T«. 2 o©AWGit>/^7 
[0 0 3 0 ] B4 {C*Jt»-r. »iftg 1 1 ti. i&g^Mfe 

i*y>i?2 o©jR»fim-^6*N«>K-i-s^*-* 
i i £, N»«snytsjfifi^m«#**»jST 

^MiUCAWGl 12-1-1 12-Ni, § 
AWG©tB^3{r4tC»JK3nft:S«Efi^%fflaiItC^"> 

/^•^T^^y-h^-r^si i 3-1 — 1 i 3-n 

jS'TS-^ifiiS4 Or ©AWG 1 1 4 - 1 ~ 1 1 4 -NtC 

^ott^^n^. (KDytf-v^j >?-m-c*zsiLU2> 

^fiS;T5<SS>'^X?rPl^^-r5C£75iT , #-5 0 
ill3«, H4©EB*a»{ciyfc«RR«c<fcr)SeRr* 

[0 0 3 1] (Mfi ffl©m 1 ©HSfi^gg) 0 5 tt. * 

&w<Dytm<ma<Df& 1 ©n^si^^-r. HJctet^-r . 

*HSfe^S§©^iliia3t4. 36i©3fe^*n^3*>7 h 

104. -en6 ^r^m-r 2. 53*©iss^fieas > 

[0 0 3 2 ] 3tilftffl©S£*fllfi3E42|E#SW»fig©JSC»* 
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ZEM&f^X^tctclbtC. m— (D*m ( I Pto-Z) iC 

io* s ti z mnom&x* -c *> -t ti*tiwm tea s 
tcies $ ti %mm : <&&> < * & # >\>- l , -fs u r 

[0 0 3 3 ] a(c|feW«fiS«:*jc»-c. ttfime 
SiS 'J >^ 2 ooiftfi-'t^Kttes. M&atQXffltft 
ftaPfGi 50GHz (ifeSPtflPgfa 0.4nm) ri£fitti530— 15 
60nm(DCA'>K«: IH§ 5 fr. ft ^SSttlOG bi t/s *J 
J:W 2.5Gbit/s CCT, 4 ^C^g^X"? 1 

'<*#&©<& -^n D p«tf fK^. ^ P X 3 

(g-^?- + *to£ l/tll^tlS. 

[0034] H7B. iss^fieii y 2 oom^'j 

*7Sr. H«C*J(,»T. &S^fifijt'J>^2 0TB, & 

s^ae&tc id t >r ra h 4 s Sifcg; < x © @ 

Kite «fc tf&i&B'<r* lffl©E3*a8S-&*JiPff "T £ ft awe . 

r -/^'©^»t±?:fflIEEU/crJTS£^7 r 
2 14. 3 7jy:7 r -C^*2 1 ©$HR*j«fcC«WR*a- 

«. y>*20#3-4 eaiKHrflMS $ 

ft, 1 -^©{SUKPal^SOkmi-rtu*, 240— 360 km 

oiBiPS-c^ui'o^3**hgai o^as^sn-sc 

4ftfcSo 

[0 0 3 5 ] fcte. 7t7 r -f 2 3 4 LTtt. x 

t ^ 4 ltffl^S77>^ifg 

[ 0 0 3 6 ] H 8 «. S5 ©3^fIIH©AJttj£K:fflt> 6 
tt-S^'X i? o x a * ^ hM 1 0 ©«fiSffl*^-r. 1! 

S^SeiH i ;>i'2 0 4&S4:fc©$fc:7T -fv'l 6- 1 
-16-4 (16' -1-16' -4) Srrfl-UT^-n-e 
ne^c^S^x iStlffl® 1 *<Dte&'*a (£-1+65 

ffl©:&? 7 -f'-'-c 1 6-5 (16' -5) £/M,T64#© 
&fi^*4K»JB©l#©fcfi'<* (^ttesfc) =&HXg 

[0 0 3 7 ] t^a-16-1-16 - 5 

11-1-11-5 tfiimsti*. ft&m i l-i-i 

1 -4«. *77-/^16-l~l 6-4*6AW5 
g-643jc©?SS^-X€: 4 *r^Si6ra©?fcS»>**«:*MK 
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L. »«S1 1 -StJ^T-fA-i 6 -5^6A^3TS 
SS«ffl©643*aoifiSy<^ * 4 *r-3ieffl©iftSW-''C^ tc 

g¥/>'X©&:g/<CX©jfc6W:. [A 1,1 — A 1,4]. [A 2, 
1— A2,4]. -. [A 16,1— A 16,4] 4&£„ 

[0038] frmm i l-i — i 1-5 -c-en-emeo 

Zto—r < > y^SgR 1 2 icA^J Sft. jfcKttjRfigE«E 
io %s£Vto-T4 istff&m&iftotiZ. 3fc-7 h y ?xx-f 
■^15 ©Htf3te. €ri£f§ 13-1-13-5 -C ^-n^ 

nie{s©ffisi¥^-xcr4tc^$n. w^^-h^e»7fe 

77^^16' - 1-1 6' -5tC|±}^3n-5>„ 
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